Study design: This is a cross-sectional prospective study of diagnostic accuracy.
Introduction
Surface topography is a very useful tool for assessment of the spine and trunk. Based on a non-invasive technology, it allows the measurement of the column curvatures and the asymmetries of body surface [1] [2] [3] . Its applicability has been extensively studied since it provides three-dimensional data of the back surface. Moreover, it has the benefit to do not exposure the patients to radiation, like the X-ray examination [1, [3] [4] [5] [6] [7] [8] . The idiopathic scoliosis (IS) is a threedimensional deformity of the spine and the trunk [9] , which requires a follow-up by periodic radiographies [2] [3] [4] [5] [6] [7] [8] [9] [10] . In this case, it would be an important advance in clinical practice to have the surface topography included by means of a standardizing protocol for diagnostic and follow-up processes of scoliotic patients [3] [4] [5] . However, even if surface topography comes to be adopted by health professionals, it shall be emphasized that it is still a complementary tool in the evaluation of the patient, not excluding the importance of radiographies when necessary [6] [7] [8] [9] [10] .
Currently, what prevents surface topography from being used by the physicians or physiotherapists is the lack of standardization in the protocols. There is no agreement for performing the exam and/or for the interpretation of the data it provides [2, 11] . The topographic examination uses a wide range of parameters to be analyzed by the professionals, making the practicality of the exam are lost in the various data to be interpreted. Besides this, the lack of reference values for the correct and standardized interpretation of the findings raises the subjective character of the evaluation [11, 12] . Another limiting factor is the scarcity of studies that verify the diagnostic accuracy of this tool, which is necessary to predict the precision of this instrument. In this context, the aim of this study was to establish the diagnostic accuracy and cut-off points of the apex of the curve and trunk rotation extracted from surface topography. We hypothesized that surface topography is accurate for evaluation of idiopathic scoliosis determining cut-off points for two topographic parameters.
Methods

Study design
This study was a cross-sectional prospective study for diagnostic test assessment reported to Standards for Reporting Diagnostic Accuracy (STARD) [13] .
Participants
The sample was consecutive of both genders. Eligibility criteria: aged between 7 and 18 years old, with suspicious of idiopathic scoliosis (ATR ≥ 5°), being able to maintain an upright position without help and to have a leg length discrepancy lower than 2 cm. Subjects were excluded if they had undergone surgical intervention of the spine. 
Test methods
Each participant was evaluated using two randomly-chosen consecutive procedures: a surface topography scanner (developed and built in Brazil) and a Scoliometer®. In this study, the angle of trunk rotation (ATR) measured by the Scoliometer® was taken as reference. For both evaluations, the subjects wore adequate clothing, like bathing suits, tank tops and shorts. The evaluator was an experienced physiotherapist (9 years) and specialized in scoliosis assessment.
Surface topography examination
The subjects were asked to stay in upright position, with the back naked, allowing the visualization of the natal cleft.
Four green markers were attached on the reference anatomical landmarks (AL) (C7, PSIS and S1) according Navarro et al. [2] . The subjects were positioned with the back from the equipment, maintaining the upper limbs at the side of the body and the feet and knees together and parallel, but respecting the natural posture of the patient.
The distance between the subject and the scanner was not standardized, because the equipment has a calibration system that allow a variation of patient position without change the results (Figure 1a ). 
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To perform the exam a surface topography scanner called Vert3D version 2 (Miotec Equipamentos Biomédicos Ltda, Brasil) was used. A pattern of structured light was projected on the back of the subject for 2 minutes. The exam was repeated three times with an interval between them determined by the processing time of the system (around 20 seconds) ( Figure 1b ). After, a second blinded evaluator chose one topographic exam ( Figure 1c ) to compose the analysis based on the technical quality of the image (light, definition, absence of noise and others). The topographic scanner Vert3D version 2 has a dedicated own software to capture and to analyze the images. The software calculates the topographic parameters based on its own algorithms. The two parameters extracted from surface topography are recommended by SOSORT [15] in the 6th consensus: apex of the curve and trunk rotation ( Figure 2 ). There are no cut-off points values for these two topographic parameters established. Based on the findings of this research, we will may suggest some cut-off points for apex of the curve and trunk rotation measured by means of surface topography.
Scoliometer examination
The subject was instructed to forward bend the trunk (Adam's test) while the examiner glided the Scoliometer® on the back surface, keeping the spinous processes touching the cavity indicated in the instrument. From this procedure, it is possible to observe the clinical sign of prominence [16] . The ATR was obtained from the regions of evidence ( Figure 3 ). Furthermore, the examiner identified the vertebral level where the clinical sign was found. The procedure was performed three times and the larger ATR was considered.
The ATR measured by means of Scoliometer® has been described in the literature as a useful parameter for screening and an early detection for spinal deformities. This is a very common tool used among the researchers and clinicians. The cut-off point is usually determined between 5° and 7° [17] [18] [19] [20] . 
Analysis
There were no indeterminate results or missing data for both Scoliometer® and Surface Topography examinations.
The data were analyzed using the Statistical Package for the Social Sciences (SPSS) v. 21.0. Initially, the Kolmogorov-Smirnov test was performed, followed by the descriptive analysis of the data, with measures of central tendencies and dispersion. A multiple linear regression analysis was conducted using a math method "backward".
The ATR provided by the Scoliometer® was the dependent variable and the thirteen parameters measured by means of surface topography were the independent variables.
Based on the highest values of standardized beta coefficients (β) in the model find with regression analysis two topographic parameters were chosen to compose the Receiver Operating Characteristic Curve (ROC curve). The ROC curve was utilized to determine the diagnostic accuracy and to establish the cut-off point for classifying the apex of the curve and trunk rotation using surface topography. The area under the curve (AUC) was classified according to Hanley and McNeil [21] as a poor (0.60 to 0.69), regular (0.70 to 0.79) and excellent (≥ 0.90). The significance level adopted was 0.05.
Results
Participants
The sample is described in the flow diagram ( Figure 4 ) and it was composed of 77 subjects. The subjects were 60% females (n=46) and presented a mean age of 13 ± 3 years old, a mean body mass of 46 ± 15 kg and a mean height of
Test results
The ROC curve showed that, in surface topography, the cut-off point of the apex of the curve to identify the presence of scoliosis is ≥ 4.4 mm and that it is possible to classify the severity of scoliosis. The apex of the curve between 4.4 mm and 9.4 mm indicates mild to moderate scoliosis, whereas the apex of the curve above 9.4 mm indicates moderate to severe scoliosis. For this parameter all cut-off points presented an AUC ≥ 75%, with sensitivity and specificity measures greater than 71% and 67%, respectively (Table 1) . 
ATR
Discussion
A good evaluation tool allows the professional to obtain results with the lowest probability of error possible, and therefore, a standardized protocol and established reference values are so important [11] . In this search, our aim was to establish reference values for the surface topography, which is a non-invasive technology to the assessment of IS.
It is well known that the gold standard for the diagnosis and follow-up of IS is the X-ray examination, which provides the visualization of the structure of the spine, however, exposing the patient to a large amount of radiation [1] [2] [3] [4] [5] [6] [7] 22] . Whereas the surface topography makes a three-dimensional analysis through the dorsal surface [2, 12] , [15] , we choose to use the Scoliometer®, an already validated and easy-to-use instrument that also measures ATR across the body surface [12, 23, 24] .
The scarcity of studies that validate the surface topography and make it standardized for its use has moved us to study it so that it can be widely used, both in clinical practice and in the scientific environment. In this sense, we Surg 2019; 1 (2) : 037-047 DOI: 10.26502/fjsrs007
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seek to adopt a protocol for carrying out the surface topography, observing the two parameters based on the highest values of standardized beta coefficient (β) resulted from a previous regression. These parameters were the angle of trunk rotation and the apex of the curve, which are some of the most used on the other studies [2, 4, 6, 11] . Manca et al. has observed the same pattern with the rastersterography, showing that the highest Pearson's correlated coefficients were the surface rotation and lateral deviation [11] , that in the present study we pointed as trunk rotation and apex of the curve.
Besides determining the diagnostic accuracy of surface topography using two parameters, we identified through the ROC curve the reference values to identify the presence or absence of the scoliosis and classify the severity. We established a cut-off point to a mild to severe curve, for the trunk rotation parameter, on the surface topography, the value 1.5° and 4.8°, respectively, and to the apex of the curve, the values 4.4 mm and 9.4 mm. For that, the values on the Scoliometer® were between 5° and 8º, to classify mild to moderate scoliosis, and above 8° to severe scoliosis. The accuracy of the examination for both the ATR and the apex of the curve was higher in individuals with severe scoliosis than in mild scoliosis, considering values <5° for the absence of scoliosis and ≥ 8° for severe scoliosis, as measured by the Scoliometer®. Some degrees of spinal rotation are more difficult to perceive, since it is a surface measurement [6] . One factor that hinders accuracy of the data is the elevated amount of adiposity and/or muscle mass of the individuals, which can distort the true shape of the spine in the dorsal region [10, 25, 26] .
It is of huge clinical importance that other instruments for evaluating scoliosis, other than x-ray, be studied and validated in order to reduce exposure to radiation and the harm brought by it, especially in the period of evolution of the scoliotic curve, that is, in childhood and adolescence [2, 27, 28] . Another positive point in reducing the number of rays is low in environmental pollution, so social factors are also involved in the improvement of the equipment [29] . It is worth mentioning that the surface topography is a complementary instrument to evaluate the IS, does not exclude the need for radiographs eventually, it only reduces their frequency [6, 10] . Knott et al. [10] found that patients with little variation in the curve during the monitoring by the topography can reduce the frequency of x-rays while those that had the highest variation between the tests must be cautious as to decrease the frequency. However, more longitudinal studies should be carried out to verify this statement [6, 10] .
Even with the adoption of a standard protocol for surface topography, there are some factors that should be considered for the accuracy of this tool, such as the question of obesity already mentioned, and the experience of the evaluator in the palpation of anatomical markers [10, 12, 25] . Based on Navarro et al. four surface markers are used by the software to evaluate the IS (C7, PSIS and S1) [2] . Therefore, in addition to a well-established protocol with a high correlation with the gold standard of evaluation, training of the evaluator is equally important for a reliable result [10, 25] . Therefore, it is necessary further studies to verify the reproducibility inter and intra-rater and repeatability of this exam. In this study, we limited the verification of the diagnostic accuracy and establishment of reference values for cases of IS in the thoracic region, we recommend that more studies search if the findings will J Spine Res Surg 2019; 1 (2): 037-047 DOI: 10.26502/fjsrs007
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repeat for lumbar and thoracolumbar curvatures. The scarcity of studies that verify the diagnostic accuracy of this tool is considered as a limitation to predict its accuracy.
Conclusion
The present study showed that the surface topography is an adequate instrument to identify the presence of idiopathic scoliosis in the thoracic region by two parameters, trunk rotation and apex of the curve, and it can be used in clinical practice. Reference values and cut-off points have been established for both parameters, guided by the values obtained by the Scoliometer®. A standardized protocol is essential for the diagnostic accuracy of any assessment tool, therefore the importance of this study.
